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ARTICLE INFO ABSTRACT

Keywords: Nd®* - doped fluorophosphate glasses (PANCaFN) with, chemical composition of (50-x)

Laser glass P,05-12Na,0-8A1,05-10Ca0-10KF-10CaFy-xNd5,03 (where x = 0770.5, 1.0, 1.5 and 2.0 mol%) have been

Nd®* ion successfully prepared by melt-quenching method and characterized by several techniques. The optical absorp-

Fluorophosphate tion measurements exhibited signature of Nd*>* absorption bands in fluorophosphate glasses showed. The

Spectroscopic spectroscopic analysis have been carried out using Judd-Ofelt parameters and oscillator strength to determine
radiative properties such as radiative transition probability (Ag), branching ratio (B,), lifetime (t), emission
cross-section (0.) and quantum efficiency (n). The highest emission intengity was found at 1060 nm for transition
4F, o —> s > under excitation wavelength of 582 nm for PANCaFN2. Thie emission cross section, branching ratio
and lifetime were evaluated and showed 4.92 x 10~ 2° cmi® 0.7 and 200 s, respectively. More importantly, the
outstandifg quantum efficiency of PANCaEN2%eould reach to 98/02%. The addition of Nd>* ion into fluor-
ophosphate glass'€ould enhance the spéCtroseepi¢ properties which could play as a potential candidate for solid
state applications. Theoretical optical\gain, evaluation and experimental calculation confirmed that PANCaFN2
had the higher gain thafl other*samples.

1. Introduction The development of laser technology also have the close relation-

ship with-Nd®>* ion dite to its ability to provide the lasing light pulse

The utilization of glass-materials as the host for neodymium Nd®H)
ion was firstly introduced by Snitzer [1].-They found that stimulated
emission radiation’ could/be achieved with 2.0 wt % Nd,Os doped
barium crown glass by using xenon flash lamp as.the pumping source.
After this pioneer work, the research on glass materials as the host for
rare-earth ion is intensively developed. The/study for effect of amor-
phous glass materials is highly important in order to find the optimum
composition and type of host matrix glass [2]. Nd>™" has been one of the
most popular among the rare earth ions and attracted a lot attention of
researchers on laser field since it has the great potential in wide ap-
plications. Some of its applications are optic amplifier, waveguide laser,
fiber optics, and optic data storage system [3-5]. Another promising
application of Nd®>* glass is as the optics communication at infrared
(IR) wavelength range because the radiation of Nd** at energy tran-
sition *Fs /5 — *I11 5 is quite efficient [6,7].
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and’'high/power [8]: The high emission cross section at energy transi-
tion of *Fy, +» ¥ oy /- at wavelength of 1064 nm is one of the advantages
of Nd** ion. Host glass doped ‘with ' Nd®* /fon'is an important optic
material for laser amplifier. On another side, the requirements for
commercial laser must have the strong fluorescence, strong absorption,
and high quantum efficiency [9]. Research on spectroscopic and lasing
properties of Nd®* ion doped glass is interested beeause it can be fa-
cilely prepared [10].

As it is well-known, Nd®>* ion has been widely doped into several
host materials such crystal [11], ceramic [12], and glass [13-16]. The
advantages of using glass materials compared to the crystals are wide
emission radiation, low boiling point, high dopant concentration, and
more transparent [17]. Dekker et al. [18] reported that some dis-
advantages of crystal materials as the host materials for laser applica-
tion compared to the amorphous are requirement of high flux
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temperature, relatively slow, and low quality of optic properties.
Therefore, amorphous host material glass is the favorable candidate.
Several host matrix glasses that have been widely used are silica [19],
phosphate [20], borate [21], tellurite glass [22] and so on. The previous
research stated that silica glass had several merits such as good stabi-
lity, high transparency, and low coefficient thermal expansion. Fur-
thermore, silica glass also had the low refractive index nonlinear, high
surface and tensile strength [23]. However, the phosphate glass also
can be a good host matrix for Nd** ion since it has good fluorescence
properties, low thermal-optic and low nonlinear refractivesindex.
Moreover, the glass phosphates also have low transition temperature,
low boiling point, and high thermal expansiefi coefficient., Thosg
properties provide the suitable requirements.for optic fiber ‘andywave-
guide laser [24,25]. In this work, we trygo evaluate the spectfoscopic
and optical gain properties of different’concentrdtion Nd** ion doped
fluorophosphate with containing several modifiers. The purpose of
adding Al,O3 and CaO modifiers aye to incgeas€jstability and overcome
the volatilization, while Na,O mgdifier is to.efthance the homogeneity
and to lower the melting point,of the glagssmatrix.

2. Experimental section
2.1. Preparation

The raw materials (NH,4) HoPO45Als©3, NasCOs, KF, CaO, CaF-, and
Nd,O3 (purity 99,9%) were used to.prepare glasses. The glass sample
was prepared based on chemical composition below:

(50x) P»05-8A1,05-12Na,0-10KF-10Ca0-10CaF,-xNd,05 Where
x is the concentration of Nd>%. with%™ariation of 0,/0.5, 1.0, 1:5.and
2.0% mol then were named [as PANCaF, PANCaFN1, PANCaFN2,
PANCaFN3, PANCaFN4, respectively. The glass samples were prepared
by melt-quenching technique aty,1200°C fellowed by annealing at
500°C for 3h. The glass sample was) cut with size of
10 = 0.5x 10 = 0.5 X 3.0 = 0.5mm to have the optimum dimen-
sion for further characterizations. The glass also was polished, to have
the high transparency.

2.2. Characterizations

The structural properties were studied by X-ray diffractometer
(XRD) and Fourier Transform Infrared (FTIR). The UV-3600 Shimadzu
spectrophotometer was performed to record the optical spectrum and to
further use for bandgap calculations. While the emission spectrum of
each sample’was obtained using a spectrofluorometer Quanta Master
(QM-300) 'made by Photon: Technology International (PTD-Horiba:
Based on the optical properties results, the spectroscopic parameter
including oscillator_strength(f), JO intensity parameters' (25, 24 and
Q¢), radiative transition prebability, (Agr), branching ratio (3p); lifetime
(1), emission-eross-section (0,) and quantum efficiency (n) were de-
termined.

3. Results and discussion
3.1. Structure properties

Fig. 1 shows the X-ray diffraction pattern of different content of
Nd®* doped fluorophosphate glass. No sharp crystalline peak is ob-
served from the XRD graph suggesting that these samples have amor-
phous in nature. The broad peak is caused by the regular distance of
inter-atomic known as short range order (SRO) between the closest
molecules. The intensity of each sample is the same for different Nd**
concentration which implies that Nd** concentration do not affect the
diffraction pattern of Nd®>* doped fluorophosphate glass.

FTIR spectra was performed and recorded at wavenumber of
600-1450 cm ! to get more information about the structure of Nd>*
doped fluorophosphate glass. It can be clearly observed from Fig. 2 that

Journal of Luminescence 216 (2019) 116738

MW L - PANCAEN
i s \ " CAN !
s
—_ WM%“'“ \  PANCaFN1
= }
<
-
8 WWWM
& . PANCaFN2
w2 T
2
< WMM
=
I Mg ol ot ~ PANCaFN3
MWL» oo PANCaFN4
[} T T T T T

10 20 30 40 50 60 70 80
2 theta (degree)

Fig. 1. X-ray diffraction pattern of different content of Nd** doped fluor-
ophosphate glass.
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Fig. 2. FTIR of different content of Nd** doped fluorophosphate glass.

all sample have four-peaks absorption-ocated.at about 719, 877, 1087,
and/1240'cm 4 Table 1 summarizes the/assignments of each peak
absorption. The broad absorption at wavenumber of 719-772 cm ™! was
caused by symmetric vibration of bonding P-O-P which is known as
(POP),. The'appearance of absorption at/wavenumber/ of 877 cm™*
could-be-assigned as asymmetric stretching of bonding P-O-P [25].
Another absorption band at 1087 cm ™! assigns of symmetric stretch by
non-bridging oxygen effect in PO, group which indicates the of for-
mation tetrahedral phosphate Q% [26]. The last absorption band at
1240 cm ™' shows the vibration asymmetric stretch between P-O in PO,
group also known as (PO,),. Overall, the addition of Nd®** concentra-
tion did not significantly change the peak location and intensity of FTIR
spectra even with the highest Nd** concentration of 2% mol due to
Nd,Os partly replaced the phosphate sides.

3.2. Absorption spectra

Eleven absorption peaks were observed for Nd** doped fluor-
ophosphate glasses as shown in Fig. 3. The eleven peak absorptions at
329, 352, 430, 475, 526, 581, 629, 684, 746, 804 and 874 nm are
contributed from the transition energy of *Ig,5 — *D;,5+%111,2, *Ds/2,
P12, *Goya, *Gryz, *Gyja+*Gsy2,”Hityz, *Fosa, *Frs2,*Fs/z and *Fy),
respectively. It is found that absorption intensity of Nd** is higher in
host borate glass than in phosphate glass [27]. The absorption of Nd**
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Table 1
FTIR assignments.
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Wavenumber (cm ™)

Assignments

719-772 Symmetric stretching vibration of bonding P-O-P so-called (POP)
871-879 Asymmetric stretching vibration of P-O-P groups
1070-1150 Symmetric stretching from non-bridging oxygen effect of O-P-O
1240-1246 Symmetric vibration between P-O in PO, group so-called (PO5)as
2G6.,4G — thefintensity for hypertensive transition. It is obviously observed that by
4 7/2> 9572 —— PANGaFN1(0.5Nd"™) : . 3+ . o . .
124 Top— . increasing the®™Nd”" concentration from 0 to 1.5% the intensity gra-
Y —/ANCaFN2(LONd ) dially elevates. However, by further increasing the Nd*>* concentration
PANCaF N3(1'5Nd1 ) 0 2% fnolithe intensity slightly decreases compared to PANCaFN3
1.0 ~ —— PANCaEN4(20Nd"")
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Fig. 3. Optical absorption spectravof différentjcontent of Nd*>* doped. fluor-
ophosphate glass.

doped fluorophosphate glass as shown in Figndywhere intense electron
transition arise from 4f-4f [28]. Frem Fig.(3ican be seen that Nd3*
doped glass can emit light by severalyexcitation wavelengths such as
526, 582, and 805 nm. Overall, the abserption intengity Anceases by
adding more Nd*>" ion concentration. From all absorption transition
emission, there is one the most sensitive peak so-called hypersensitive
transition for energy transition of ‘o5 — 2G5+ *Ggyo. It follows the
selection rules [AJ| < 2, |[AL| = 2, and AS = 0 [29]. This, transition
shows highest reduced matrix element ||UM|* hence this transition is
important to study their oscillator strength. In this work, hypersensitive
transition located at the wavelength of 582 nm with different absorp-
tion intensity forvariotis Nd*7 concentration.

Fig. 4 exhibits more clearly the effect of Nd*>* concentration against

1.2 4

— B — Hypersensitive transition

/

Absorption Intensity (a.u)
o o o
~ =)} [ere]
1 1 1

e
o
L

004 =

] ] ] ]
PANCAFN1 PANCAFN2 PANCAFN3 PANCAFN4
Samples

T
PANCaF

Fig. 4. Hypersensitive transition position of Nd** doped fluorophosphate glass.

(1.5%). This'might,be related to actual Nd®* concentration in the glass
sample as repertéd by othergroup for Nd*"-doped fluoro-alumino-
phosphate glasseséwhich the absorption with higher concentration of
8% mol was slight lowerfthan 4%jmol [29]. Based on this result, the
optimum concentration of Nd** is 1.5% to give the highest intensity.
The unique property of tramSition f-f has the sensitive oscillator strength
against environment to causé\the hypersensitive transition in host
matrix Nd®* doped glass [30,31]. As known that hypersensitive tran-
sitions obey the selection rule of/AS = 0, Al = 2 and AJ < 2 to make
ion lanthanide in solid materials have the stronger oscillator strength
than in liquid /[32-34]. It is seen|that all the samples have almost the
same wavelength position. Tabie'” lists the experimental and calcula-
tion oscillator strength for 'different Nd®* doped glass fluoropho-
sphates. The maximum value of oscillator strength was obtained from
the energy transition of Gy, +*Gs/, based on formula in literature
[35=37]. For comparison purpose, the other oscillator strength data
from other glass phosphate istalso provided [38]. From these data, it
can be seen that the number of trangition absorption band of this par-
ticular work is higher tham other glass medium. The standard deviation
oscillator strength in glass medium PANCaFN3 is = 0.93 as the lowest
among other_samples.

Judd-Ofelt'(JO) parametef that states the spectroscopic intensity of
Nd>*«doped glass was calculated according to equation in literature
[39] and listed in Table @. Some JO parameter from the previous report
also included aseémparison [24,40]. The Q,, Q4 and Qg parameter was
obtained byising least square fitting method that can be used to predict
the transition properties such as branching ratio, radiative transition
probability, radiative lifetime and luminescence linewidth. Table 4 lists
the Judd-Ofelt-intensity parameters.and quality factor of different
content Nd*>" doped fluorophosphates. It is’known that Q, has a rela-
tion to covalent bonding of rare earth with oxygen in the host glass.
Among of the samples, the PANCaFN2 has the highest Q, value which
indicates the strongest bonding of Nd** ‘and oxygen. As’shown in
Table 4, the value of Q,of each sample in this research is lower than
value of Q. The covalent bonding of Nd®>* doped-glass is also still
stronger than phosphate glass in other reports [24,40]¢ The relationship
of Judd-Ofelt intensity parameter in this paper follows the trend of
Qe > Q, > Q. As quality factor (Q4/2) is also another important
properties of glass medium laser, the quality factor of sample PAN-
CaFN4 is found to be the highest among the as-prepared sample and has
the value higher than previous report for Na-K-phosphate and fluor-
ophosphate.

Both of indirect and direct band gap of Nd** doped glass was
evaluated using Tauc plot and the results are shown in Fig. 5 and Fig. 6,
respectively. The plot of (ahv)? and (ahv)'/? against energy were in-
strumental in arriving at the direct and indirect band gaps, respectively.
The rare earth oxide plays a role of modifier as they tend to change in
structural and optical behavior of glass. Addition of Nd,O3 for PANCaF1
decreases the optical direct band gap while increase in indirect band
gap and then gradually increases the optical band gap up to PANCaF3.
The fall in intensity beyond PANCaF3 can also be the factor behind
reduction of optical band gap for PANCaF4. The Urbach energy values
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Table 2
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Experimental (fex,) and theoretical (f..) oscillator strength values (f x 10~°) of Nd** doped fluorophosphates glass.

Transition PANCaFN1 (0.5Nd>*) PANCaFN2 (1.0Nd>*) PANCaFN3 (1.5Nd**) PANCaFN4 (2.0Nd>*) Glass B [38]
o2 — fexp feal fexp feal fexp feal Sexp feal fexp feal
Dyynt+l13/n - - - - 1.29 0.42 0.99 0.51 - -
“Ds,p 7.60 5.84 10.87 9.d23 10.65 9.23 13.15 11.47 - -
%Py, 0.68 0.52 0.69 0.87 0.74 0.89 1.04 1.13 - -
2Goy."G11,2 1.74 0.53 2.24 0.76 2.08 0.72 2.88 0.86 2.87 5.21
4Gy /s 5.14 4.08 7.78 5.71 7.58 5.59 8.19 6.63 6.48 7.98
2Gy/p+1Gs s 21.41 21.46 24.82 24,93 24.60 24.70 26.67 26.75 50.78 50.66
2Hy1/0 0.14 0.21 0.18 0.28 0.20 0:25 0.29 0.30 0.28 0.43
“Fo s 0.57 0.75 0.79 1.03 0.81 0.92 1.04 1.09 1.52 1.57
“Fy s 7.74 6.45 9.44 8.80 8.31 7.78 9.86 9.16 19.84 21.19
“Fs /s 5.68 7.13 9:36 10.13 8.70 9.35 10.38 11.21 20.94 18.98
B 2.29 2.29 2.76 359 2.76 3.56 377 4.41 23.98 4.71
Afrms +0.97 + 1400 +0.93 + 100 +1.25

Table 3 5.0

Judd-Ofelt intensity parameters (x 10~ 2° cm®), and quality factor of different as - PANCaF

3+ 5 L =

content Nd” " doped fluorophosphates. I PANC4E1
Glass Q) Q Q¢ X(Qu/Qe) 40 - “—_ PANCaF?2
PANCaFN1 (0.5Nd”") 7221 48 7.23 0.58 PANCaF3
PANCaFN2 (1.0Nd*>*) 7.35 6.89 9.70 0.71 - PANCaF4
PANCaFN3 (1.5Nd*") 7:18 7.09 8.47 0.84
PANCaFN4 (2.0Nd**) 7.18 8.91 9.91 0:90 ™
Na-K-phosphate [24] 4,90 3.88 6.18 0.63 2
Fluorophosphates [40] 4,63 2.55 6.79 0.37 i

were evaluated and found to be,0.285, 0.404, 0.473; 0.688 and 0:559
for PANCaF, PANCaF1, PANCaF2, PANCaF3 and PANCaF4 respectively.
The increase in Urbach values with increasing in Nd,O3; concentration
(up to PANCaF3) indicates that the bond defeet,increases the localiza-
tion of electrons, thereby increasing the doner)center which tends to
create non-bridging oxygens (NBOs) as,Nd,O3 participates in structural
modifications in these glasses. The dip imyintensity als@ coftelates with
the decrease in Urbach energy for Nd>O3 beyond PANCaF3. The band
gap distribuation of each sample can be cleatly seen in Fig. 7.

3.3. Emission properties

Emission spectra of Nd®>* doped glass fluorophosphate was ob-
served under excitation wavelength of 582nm, as shown in Fig. 8.
Three transition emissions from *Fsp — g/, “Fs,5 — *I11,5 and *Fs,
2= *I,3,, consistently appear.at 902, 1060, and 1330 nm for each glass
sample. Fig. 9 further shows more details the relationship between
emission intensity and Nd®* concentration at different peak positions
(902, 1060 and 1330 nm). For emission-peak at'1060-and 1330 nm, it
seems when increasing the-Nd>" concentration from' 0.5 'to 1.0% the
intensity significantly increases. However, with- further increasing to
1.5mol% slightly decreases and sharply drops when Nd** concentra-
tion reach to 2 mol%. This similar trend is also observable for all peak

Table 4

[
3.95

3.70 375 3.80 3.85 3.90 4.00

Energy (eV)

Fig. 5. Tauc plot for indirect band gap of Nd** doped fluorophosphate glass.

emissien®”The highest emission intensity at wavelength of 1060 nm was
achieved by PANCaFN2.

3.4. /Radiative properties

Table 4 reports the radiative properties of each sample including the
radiative transition probability (Ag), branching ratio (f,), and emission
cross=section (o.). The data in Table-5 was obtained from transition of
*F35— *11,5 and *F5,5 — *1;5,, due to their high emission intensity.
The effective bandwidth of each sample is similar abeuit 33-36 nm and
47-54 nm for the transition energy of 4F5/, — *I;1 5 and *F5 /5 — *I;3/2,
respectively. It seems that concentration of Nd** did not significantly

Radiative transition probability, (Ag), branching ratio (B,), emission cross-section (o.) of Nd>* doped fluorophosphate glass.

Glass Transition *Fs/,— Ap (nm) Aheg (NM)  Ag (s71) Br (%) 0. 1072 (cm?) OXAege X107 26 (em®) oxtg X107 2% (cm?/s)
Exp. Cal.

PANCaFN1 (0. 5Nd**)  “I; 1060 34.32 1793.06 073 053 337 0.115 4.772
a2 1329 48.79 387.79 027 011 126

PANCaFN2 (1. ONd**)  *I;y 1060 33.22 2529.7 071 051  4.92 0.163 9.831
Ta/n 1326 52.54 527.7 029 0.11 1.59

PANCaFN3 (1. 5Nd>*) 112 1060 35.46 2292.63 0.74 050 418 0.148 7.092
a2 1330 47.78 461.01 0.26 010 155

PANCaFN4 (2.0Nd>*) Ti1/2 1060 36.31 2722.04 073 049 485 0.176 7.282

Tis/2 1328 54.87 537.82 0.27 010 156
Fluorophosphates [41] Ti1/2 1054 28.50 1801.79 0.36 - 4.51 0.132 -
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Table 5

Lifetime (t) and quantum efficiency’(n) of Nd®>* doped fluorophosphate glass.
No, Samples TR (Us) Texp (US) (%)
1 PANCaFN1 (0. 3Nd°>*) 295 141.62 48.01
2 PANCaEN2(T"ONd® ") 202 199.82 98.92
3 PANCaFN3 (1. 5Nd>™*) 216 169.67 78.55
4 PANCaFN4 (2. ONd>*) 179 150.15 83.88
5 Glass A [42] 320 200 62.5
6 Glass B [42] 276 180 65.2
7 PKMFANT10 [43] 491 200 41
8 PKSFAN10 [43] 326 211 65

affect the effective bandwidth. The radiative transition ‘probability are
1793.06, 2529.7,12292.63 and 2722.04's " for PANCaFN1, PANCaFN2,
PANCaFN3, and PANCaFN4, respectively. There isno big difference of
branching ratio for different Nd>* concentration. The experimental and
calculation branching ratio are about 0.71-0.74%-and 0.49-0.53%,
respectively, for transition “Fs /o —> o 0. However, the calculation
branching ratio are about 0.26-0.29%, and 0.1-0.11%, respectively, for
transition *F3/5 — “I13,,. In this work, the experimental bracing ratio is
higher than calculation. The emission cross sections are 3.37, 4.92,
4.18, and 4.85 x 10~ ?° cm? for PANCaFN1, PANCaFN2, PANCaFN3,
and PANCaFN4, respectively. The highest and lowest emission cross
section are 4.92 x 1072° and 3.37 x 10~ ?°ecm?® which obtained by
PANCaFN2 and PANCaFN1 glass, respectively, for transition *Fs/, —
“I11/2. Our emission cross section of PANCaFN2 is slight higher than
other reported data (4.51 x 10~ 2° cm?) of fluorophosphates glass [41].
The gain bandwidth (0XA\.¢) and optical gain (oxtr) parameters for
the important transition *F3,, — *I;1 , are vital information to guess the
amplification of the medium in which the rare earth ions are doped.
The values of gain bandwidth are 0.115 x 1072%,0.163 x 10~2°, 0.148
X 1072 and 0.176 x 107 **cm® for PANCaFN1, PANCaFN2, PAN-
CaFN3 and PANCaFN4l, respectively. The optical gain values show
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Fig. 10. Normalized decay profile§ of Nd3! d6ped fluorophosphate glass for
*F3/2 — 1112 transition.

4.772x107%%,9.831 x 10, 7.092x 10 **and 7.282 x 10 ** cm®/s
for PANCaFN1, PANCaFN2, PANCaFN3yand PANCaFN4, respectively.

The normalized decay profiles of Nd®* doped fluorophosphate glass
was recorded at 1060 nm for transition *F3,, — "I;1,, and shown in
Fig. 10. To further evaluate the luminescence radiative properties of
samples, the measured lifetime values were performed under excitation
of 582 nm. Table 5 shows the'calculationand experimental lifetime (t)
and quantum efficiency (n) of Nd*>* doped fluorophosphate glass. The
longest experimental lifetime of 295 ps was obtained from the PAN-
CaFN1 and the shortest of 170%us for PANCaFN4. However, for the
longest calculation lifetime is 19982 us by, PANCaFN2 as the closest
value to experimental lifetime. This eontributesto the highest quantum
efficiency (98.92%) of PANCaFN2 among other samplefglass. Three of
as-developed Nd>* doped fluorophosphate glass (PANGaFNZ2, PAN-
CaFN3, and PANCaFN4) have the quantum efficiency higher than other
reported works. Therefore, the sample Nd>*l.deped fluorophosphates
that developed could be a potential candidate for Yaser amplifier at
wavelength of 1060 nm.

3.5. Optical gain of Nd®>* doped fluorophosphate glasses

Optical ,gain of samples /were obtained by using Laser Diode
Photopumped method [44] and displayed in Fig. 11.
Laser Diode 808 nm with continuous wave (CW) mode/was used as

Journal of Luminescence 216 (2019) 116738

PANCAFN4
A

b
(==}
1

»
[o)}
1

I
oo
1

PANCAEFN3

Output Voltage (mV)
|95}
o

)
~
[}

PANCAENI Sy—

g
(==}
1

0 100 2067 300 400, 500 600 700 800 900
Incident Pump Power (mW)

Fig. 12. Output voltage fluctuation of lasing signal from PANCaFN medium
from pumped power.range 54-900 mW.

4.0

® PANCaFN2 °®

354 <A PANCaEN3

¥ PANCaFN4

3.01

D
(=) W
1 1

Gain (dB)
n

1.0

0.5.7

0.04

0 100 200 300 400 500 600 700 800 900
Incident Pump Power (mW)

Fig. 13. Optical gain of lasing signal from PANCaFN medium from pumped
power rage 54900 mW.

M, Mo
LD 208 om So PD R Lock-in
Nd: amplifier
* Glass
Si » PD:2 =
Chopper 69
Oscilloscope

=)

Laser 1064 nm

Fig. 11. Diagram of optical gain system: reference laser 1064 nm. M; & M,: mirror, S; & S»: splitter beam, PD; & PD,: photodiode [44].



J. Rajagukguk, et al.

optical pumping source, whereas glasses medium based on PANCaFN
were employed as laser gain medium. Output voltage of lasing signal
from gain medium was measured and shown on Fig. 12. Whereas op-
tical gain output conversion is shown on Fig. 13. Fig. 12 shows the
output voltage from the integration of reference and optical gain signals
for PANCaFN1, PANCaFN2, PANCaFN3 and PANCaFN4 glasses
medium. The measured reference voltage is slightly different for each
Nd: Phosphate medium due to the differences of glass thickness. As
shown in Fig. 12 that the reference voltage for PANCaFN4 is highes
than other corresponds to the PANCaFN4 thickness is thinne

and PANCaFN4 glasses medium is 3.34, 3.32,

spectively.
The measured output voltage of dlasing P’ S ex—
g 4& mW. The max-
imum gain of samples is obtained 27(1.0 mol% Nd®™)
with the increase 1.11 mV. Whereas the mltb gain is obtained from
Nd**) medium w; increase 0.73 mV. The
in decibel (dB). The gain
value is achieved from logari ured voltage (output) with
reference signal voltage. From Fig. t/is shown that the maximum
gain is 3.69 dB for optical pump po 0 mW. The maximum gain is
observed for PANCaFN2 glass for la signal 1064 nm as discussed in
section 3.4 suggesting that such g; could play a wvital role is Q-
Switch lasing materials. Moreover, the.glass samples showed increasing
trend with increasing pump

4. Conclusions

In summary, the Nd®>* dope ﬂuogsphates with different Nd®*
concentration had been successfully prepared and characterized. The
glass samples had ten and eleve bsorptiomctra for low (< 1.mol

%) and high (> 1 mol%) Nd*>" congentrati spectively The stron-
gest emission was found at 1060 nm*for transition * — 13/5. The
Judd-Ofelt intensity parameter for all sample follo e rend of
Q¢ > Q, > Q, and quality factor was mparabl

data. We also found that the optimum concentration of Nd3 d ed
fluorophosphate glass was 1.0 mol% (PANC o _give the highest
emission intensity and radiative properties. Its emissio BLOSS section,
branching ratio and lifetime were 4.92 x 1072 cm® 0.7 and
respectively. More importantly, the outstanding quantum efficiency of
PANCaFN2 could reach to 98.92%. The optical gain value shows 9.831
x 10~ 2* cm?/s_for PANCaFN2 which correlates with the experiment
demonstrated with' the output gain demonstrated using diode-end-
pumped laser at 1064 nm as a configuration of plane parallel resonator:
The maximum gain output of/3.69 dB was achieved at the absorbed
pump power of 900.mW for PANCaFN2 glass sample.-All these prop-
erties of Nd®* doped.fluorophosphates| glass might be (suitable to. be
used for laser-amplifier at wavelength of 1064 nm.
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